
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



Bachelors Theses mmm 



University of Wisconsin — IVIadison, 
College of Engineering 



mii 






L.^J 



Xibrari? 

or tbe 

Tflnlveraiti? of TKHiaconain 




ized by 



Google 



*f'9t 



Digitized by 



Google 



Digitized by 



Google 



A STUDY OP CENTRAL STATION ECONOMICS 
WITH SPECIAL REGARD TO POPULATION 
CAPACITY OP PLANT AND CONNECTED LOAD 

by 
AVERY REEVES COLBURN 

and 
LAWRENCE MOSES LIBBY 



A Theais Submitted for the Degree of 
BACHELOR OP SCIENCE 
Eleetrieal Engineering Course 



UNIVERSITY OP WISCONSIN 
1907 



Digitized by 



Google 



Digitized by 



Google 



CONTENTS. 

Introduction, I 

Massachusetts Reports, 5 

Method of Investigation, 10 

Discussion of Investigation, •.*•.. 18 

Conclusions, 27 

Criticism of Reports, 29 

Population Table , •.•.... 33 

Population Curve Sheets, 34 

Tables showing Development and Operating 

History of Plants, 37 

Graphical Analysis Sheets, • . . 45 



Digitized by 



Google 



Digitized by 



Google 



INTRODUCTION* 

Probably one of the most rapid developments of any of 
the modem industries has been that of electric central 
station work during the last twenty years. There has been 
no accurate record kept of this somewhat marvelous growth 
except for a general survey of it contained in the special 
bulletins of the U. S. Census bureau and the more detailed 
reports of the Board of Gas and Electric Light Commission 
of the Comnonwealth of Massachusetts. This latter report is 
issue! annually, and contains information relative to the 
Massachusetts conqpanies only. Recently New York state has 
organized a similar commissioni but at present it is in an 
unstable condition. 

As far as we know there has been no atteirqpt to make a 
study of such reports in view of determining some general 
characteristics of central station development. The object 
of this thesis is to make such a study, tracing out the fi- 
nancial and operating conditions of several representative 
connpanies thru a period of years. Accordingly, the following 
items have received particular attention: (1) The population 
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2 
of the district served, (2) The capacity of apparatus in- 
stalled, in kilowatts, (3) The connected loai in kilowatts, 
(4) The financial conditions, such as operating conditions, 
income, profits, valuation, etc., of each individual company. 
We have also separated out to some extent the revenue de- 
rived from the sale of electricity to public and private 
customers, and have touched upon the history of gas in the 
field of public lighting. 

When this subject first presented itself to our minds, 
our attention was naturally called to Wisconsin as the most 
convenient and desirable state to study, in view of the fact 
that legislation in regard to foi*ming a commission similar 
to that in Massachusetts was being agitated. We made out a 
circular letter and directed it to the town clerks in those 
localities having municipal electric plants. Out of the fif- 
ty letters we sent out, sixteen were answered. The majority 
of the replies were very unsatisfactory, both in regard to 
completeness and clearness. Messrs. Greenfield and Holben, 
who were endeavoring to make a study of the cost of produc- 
tion of electricity.had practically the same experience in 
trying to secure information from private plants. They re- 
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3 
ceived a much smaller percentage of replies ani far less 
satisfactory information, and were finally compelled to a- 
bandon their idea altogether. 

Under the provisions of Section 5, Chapter 507 of the 
Laws of 1905 of the state of Wisconsin, the domestic corpo- 
rations are require! to file with the Secretary of State, a 
report sworn to by the president, secretary, treasurer, or 
general manager, or if the corporation is in the hands of an 
assignee or receiver, by such assignee or receiver. The 
blanks sent out by the secretary of state are to be filled 
out in accordance with the following: 

1. The name of such corporation and location, giving 
street and number. 

2. The name and address of the officers and directors 
of such corporation, giving street and number. 

3. The amount of authorized capital stock. 

4. The amount of capital stock actually paid in money, 
property and services. 

5. Whether such corporation was engaged in active busi- 
ness during preceding year. 

6. Nature of business transacted during preceding year. 
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4 
7. In what states such corporation is license! to trans- 
act business as a foreign corporation. 

To enforce this law a fine of ten dollars is imposel upon 
the delinquent corporation if such report is not in on a 
set date, and if the report is not forthcoming within anoth- 
er specified time, the company forfeits its corporate rights 
and privileges. Evidently there is a great laxity on the 
part of the state in this matter as we were unable to obtain 
the information called for in the reports. However, this 
report does not contain sufficient data for a study of such 
corporations. There is before the present legislature, now 
in se8sion(I906-I907)apublic utility bill. This bill con- 
tains provisions for placing all public service corporations 
under the supervision of the Railway Rate Commission, which 
has rendered such valuable service in the supervision of 
railways. It is thus seen that this conmission will be ena-~ 
bled to secure from the central station „ companies any in- 
formation they wish, and. Judging by the complete way in 
which this commission, has handled the railway question, 
there will doubtless soon be available sufficient data to 
make such a complete study of central station conditions in 

Digitized by VnOOQlC 



Digitized by 



Google 



Wis consin. 

We then entered into correspondence with different com- 
missions and private individuals with one end in view^ i.e. ^ 
how to obtain data on electric central station plants* The 
National Electric Light Comnission gave us no encouragement 
except to refer us to the reports of the Massachusetts 
Board* Previously we had sent for a complete set of these 
reports which covered a period of years from 1887 to I905t 
In several other cases, the Massachusetts reports w«re re- 
ferred to as the only available source of information* Inas- 
much as the consensus of opinion sewned to point in that di- 
rection, we finally decided to make a study of these reports. 

MASSACHUSETTS REPORTS. 

In the year 1884 the Massachusetts legislature passed a 
bill which placed all the gas companies in the state under 
the strict supervision of a Board of Commissioners. The de- 
cisions of this board are final except when appeal is made 
to the courts. The duty of this board is to protect both the 
producer and the consumer. The change of rates, increase of 
capitalization, issue of new bonds, petitions and complaints, 
all receive the attention of the board. 
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In 1887, the electric light companies had assumel such 
proportions thruout the state that the legi stature found it 
necessary to extend the jurisdiction of this commission so 
that the electric companies were included under this super- 
vision. The official title of this supervising body then 
became * The Board of Gas and Electric Light Commissioners*. 
The annual reports of this board are published on the first 
of January of each year and are obtainable for the asking. 

We decided to confine our investigations strictly to 
that section of the reports dealing with electric light com- 
panies. Perhaps a brief outline of what these reports con- 
tain in the way of data and other information along the line 
of our study will assist the reader in following future dis- 
cussions. Most of the information is given in tabular form. 
We will follow the tables as they are located in the report. 
The first table of interest gives the names of the companies 
actually engaged in the supply of electric light on June 30 
of the year in question, the amount of capital stock, togeth- 
er with the localities svqppiied. Another table shows the 
whole number of stockholders in the companies, the number 
resident in Massachusetts and the value at par of the stock 
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held in the state. A suirmary of the financial operations of 
all the electric central stations in the state taken as a 
whole, showing the income, the operating expenses, also the 
assets and liabilities, itemized, follows. Then come tables 
of the assessed valuation, the taxes paid and the dividends 
declared by the several companies. The next table is one of 
greater interest to us as it shows the installation of the 
different plants. It includes the number of boilers, their 
total rated horse-power, the number of engines and total 
rated horse-power of same, and the number of dynamos in- 
stalled for light and power. It might be stated here that 
the dynamo capacity is rated accoriing to the number of 
lamps of a certain nominal candle-power it would supply at 
full load. This rating was reduced to a common basis of kil- 
owatts capacity, which was necessary for conparison later. 
The table following shows the quantity of coal and other 
kinds of fuel used by the several coirpanies during the year. 
As the price and quality of coal is not given this data is 
of little or no value to us. In the next table, data on the 
transmission and distributing systems, whether overhead or 
under ground, is given in some detail, the conduit system 
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8 
showing an increase in the large growing towns from year to 
year* 

Following, there is a table showing the number of motors 
supplied on arc, incandescent and powtir circuits, not includ- 
ing those for street railway work, and the number of single 
and double arc lamps. In determining the total connected 
load this data was used. The next table shows the number of 
commercial lannps of different kinds installed and the niam- 
ber of customers for each kind of lamps. This data was also 
used in determining the connected load. On public lighting 
there is a very complete table showing the number of public 
lamps of each candle-power in use and the price paid, also 
the average number in use, with the average number of hours 
per night, and the nimber of nights per month that they were 
used during the year. Prom this data we were able to deter-- 
mine the connected load for public lighting and the total 
amount paid by the city for its public lighting during that 
year. This is discussed fully later. The last table in the 
report deals with the rates on commercial lights, whether by 
contract^ or by meter, showing the system of sliding scale^ 
remarks on wiring and lamp renewals and special discounts. 
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In the appenlix are given Itemized aeeounts ineluling the 
balance sheets (assets and liabilities) » manufacturing and 
profit and loss accounts. 

Any new legislation relative to the companies and the 
comnlssion is printed in full in the appendix. Special peti- 
tions on the part of the eon^anles in regard to increasing 
capital stock, or issuing bonds, etc., are given a place in 
the first portion of the report. All complaints of private 
parties and everything of importance which the board has 
been doing during the year is chronicled in a conplete man- 
ner. 

From this brief summary the scope of the commission* 4 
work can be appreciated. How accurate these returns are we 
are unable to judge, but will have to assume that they are 
correct ^inasfar as our conclusions are drawn from the data 
contained therein. The returns are sworn to by the author- 
ized r^resentatlves of the different conripanies and are 
carefully gone over and corrected by the board. Inaccuracies 
are liable to creep in as we think we have found several 
places where on the face of it this is obvious. Insome cases 
the financial statements have been difficult to follow. 
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probably due in the main to local conditions irtiich we are 
unaware of, 

METHOD OP INVESTIGATION. 
From 1888 to 1893 the data given in the tables was not 
complete enou^ or sufficiently itemized so that we could 
use it to much advantage^ consequently we started our study 
for the year 1893 and carried it down to the year ending 
1905. There is an almost endless number of factors entering 
into the development we have attempted to follow, but we have 
only taken a few of the most inportant^as follows: 

1. Population and locality si:pplied. 

2. Kilowatt capasity of apparatus installed. 

3. Kilowatt connected load. 

4. Total income. 

5. Operating expenses. 

6. Profits. 

7. Public lighting income. 

8. Actual valuation of companies* real property. 

9. Cost of operation per kilowatt connected load. 

To place the different factors on a comnon basis we re- 
duced all quantities to a per cent, increase or decrease^ 
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taking the returns for the year 1893 as a starting point at 
100 per cent. A graphical analysis of this was placed in 
curve form and the discussion of each corrpany in turn is 
made directly from the curves. 

First we selected what we considered eight representa- 
tive companies which supplied localities ranging from 5000 
to 100,000 in population* They are as follows: 
COMPANY* S NAME LOCALITIES SUPPLIED P0PULATI0N~1900. 

1. Union Franklin and Norfolk 5,997 

2. Milford Mil ford 13,463 
Z. Waltham Waitham 23,481 

4. Pittsfield Pittsfleld 24,780 

5. Brockton Brockton 40,063 

6. Salem Salem 35,956 

7. Cambridge Cambridge 91,886 

8. United Springfield, West Springfield, 

and Longmeadow 69,975 

We then obtained data on population from the U. S. Census 
reports, starting with f870. On page 33 is tabulated the 
population with the locality supplied, showing the addition- 
al population as the companies extended operations* Popula- 
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12 
tion curves were drawn (See pages 34,35,&36) anl the per 
cent, increase was determined from then as is shown on the 
last column of the table on page 33 , The followini;? factors 
were determined and put in tabular form, pages 3/ to 45 

KILOWATTS CAPACITY OP INSTALLATION:- This was calculated 
from the larrp rating of the machines. For instance, take a 
machine rated at 15,000 , 16 candle-power lamps: we deter- 
mined the watt equivalent of an incandescent lamp candle- 
power which was found to be equal to 3.125 watts. So, mul- 
tiplying 15,000 by 16 by 3.125, we obtain 750 kilowatts as 
the capacity of the machine. The watts per arc light candle- 
power was taken at 0.342. Thus one 1200 Candle-power arc 
would represent 02OO times 0.342 equals 0.410) kilowatts. 

KILOWATT CONNECTED LOAD:- This was determined in the 
same manner, taking as the total the sum of the commercial 
lighting, public lighting, and the power load, reduced from 
the tables previously referred to. To give some idea of the 
variety of candle-power of the lamps used we had to reduce 
to the kilowatt basis an example is givT^n below of the pub- 
lic lighting connected load of the Salem Conpany in 1900. 
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Number of Commercial 

Incandescent Lights. 

6 

341 

1,398 

,509 

1,152 

15,837 

500 

28 

38 

287 

16 

2 

27 



Nominal Candle-power 

4 

6 

8 
10 
12 
16 
20 
24 
25 
32 
50 
65 
150 



FINANCIAL DATA:- The total incomo, operating e7q>en8es, 
and profits were taken directly from the balance sheets. 

PUBLIC LIGHTING INCOME:- In the tables are given the 
number of lights of each candle-power used by the city for 
public lighting. Opposite is given the price pail per lamp 
per year for each of the different kinds. The S'Jim of the 
products of the number of lanros and the price paid per lamp 
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gives the total price paid by the e^ty for publie lighting. 
If the price paid was so much per night burned, and the a- 
verage number of nights burned per month is taken from the 
table, we are thus able to calculate the amount paid by the 
city for lighting under this method of charging. The per 
cent, of the total income derived from public lighting was 
also found* 

VALUATION:- Prom the assets on the balance sheets we de- 
termined the valuation of the conpany's property, omitting, 
however, such items as ^ Due for Light and Power'', "Sundry 
Accounts due Coirp any'', •'Cash on hand**, •* Notes receivable'*, 
^ Insurance'', '•Interest advanced", "Investments", etc. , 
which do not affect the true value of the plant. A typical 
balance sheet is shown below: 

BALANCE SHEET FOR I90I. 

Edison Electric Illuminating Company of Brockton. 

Assets. 

Real estate, 4^53,861 34 

Steam plant, 38, 092 86 

Electric plant, 38,084 13 

Electric lines, 137, 371 22 
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Transformers, 2, 200 57 

Meters, 7,893 46 

Are lamps, 16,649 30 

Patent rights, 19, 000 00 

Due for light and power, 8, 759 0^ 

Oil and waste on hand, 144 80 

Other materials on hand, : • . • 9, 149 56 

Fixtures on hand, 1 , 477 29 

Sundry accounts due the company, 549 19# 

Office furniture, 1,481 97 

Cash on hand, 1 , 340 93# 

Notes receivable, 134 89# 

Investments, 100, 000 0(^ 

Total assets, as per books of the company, ^436,190 53 

# Subtract, 111,984 03 

|324,403 50 
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16 
Liabilities. 

Capital stock, |lOO, 000 00 

Bonds issued^ 100, 000 00 

Notts payable, 175, 000 00 

Ur^aid bills, 5, 910 63 

Deposits, 25 00 

Interest accrued but not due, 2, 104 17 

Taxes accrued but not due, 996 45 



Total liabilities , as per books of the company, 

|384,036 25 

Profit and loss balance, 52, 154 28 



|436,190 53 
Manufacturing^ Account. 
Operating expenses: Dr. Cr. 

At station, |25,569 68 

For distribution, 14,436 17 

management, 7,214 07 

taxes and incidentals3,926 33 



|5I,I46 25 
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17 
Income from sale of light and pow^r, ♦73,645 61 

Balance to profit and loss, 22,499 36 



|73,645 61 ^73,645 61 
Profit and Loss Account. 

Dr. Cr. 

Balance of manufacturing account,.... $22,499 36 

Interest received, 31 90 

Depreciation fund transferred, 55,362 03 

Interest paid, |I0, 525 30 

Dividends declared, 6, 000 00 

Other items,... 9,213 71 

Balance June 30, 1900, 52, 154 28 

$77,893 29 |77,893 29 

In this manner we reduced the valuation of the several 
plants to a comnon basis. True^this valuation is that deter- 
mined by local authorities, but on the whole it gives a fair 
idea of how the plants' valuation has increased from year 
to year. Knowing the profits, we determined the per cent, the 
companies were clearing over operating expenses of the to- 
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18 
tal valuation of the plant. 

COST OP OPERATION PER KILOWATT CONNECTED LOAD;- Thig was 
obtained by dividing the total operating expenses by the 
total kilowatts of the connected load. 

On pap:js ivVio 45 are given the calculations in tabular 
form which we have made covering the period of time I893-- 
1905 for the eight companies mentioned. On pages 45 to 58 
are shown the curves for graphical analysis of these connpan- 
ies* The year is taken as the abscissea, and the per cent, 
increase or decrease over the value in 1893 at 100 per cent, 
is taken as the ordinate. The curves are numbered and as the 
100 per cent, value in 1893 is given, for any other year the 
value can be readily determined. 

On pages 53 & 54 are drawn curves showing the cost of 
operation per kilowatt of the connected load. 

On pages 55 & 56 are drawn curves showing the per cent. 
of total income received from public lighting. 
DISCUSSION OP INVESTIGATION. 

We will take up each company in turn, according to the 
size of the locality supplied, and discuss its character- 
istics as shown by the curves. 
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19 
UNION:- The population servel starting with 18^3 with 
4900 shows an increase of 8 per cent* up to 1905* The con- 
nected load shows an increase of about 77 per cent, during 
this period. This indicates that there is no general rela- 
tion between the increase of population and connected load, 

but that the use of electricity is becoming more universal. 

ft 
This condition will be found true of all the plants consid- 
ered^ tho of course the load curve is somewhat steeper with 
a greater increase of population. The capacity in 1893 is 
42 kilowatts, while the connected load is 161 kilowatts. 
This is either a mistake in the report or presents extra- 
ordinary conditions. In 1894 the capacity curve shows a jump 
of nearly 200 per cent, to take care of the increased con- 
nected load. It remained constant, then, until 1904, appar- 
ently being sufficient to handle the connected load. The 
next year, however, it took another increase of nearly 200 
per cent, of the original. This last increase was probably 
lue to some larger units being installed. The income has 
practically remained constant while the profits have shown 
a marked variation, being at a maximiam in 1894 and a mini- 
mum in 1903. The operating exp^^nses per kilowatt connected 
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load have also remained nearly eonstanl as shown on curve 
sheet, page 53« This accounts in some respects for the fact 
that the profits have not been increasing with the load. An 
interesting detail is brought out by th% amount of coal con- 
sumed by this conopany in I903» the year of minimum profits. 
919 tons of coal were used by this conqpany and the United 
coirpany used II38 tons the same year, the load of the Union 
company being only 256, while that of the United company was 
3650 kilowatts/ over ten times as much. Prom 1903 on the pro- 
fits show a rapid increase, altho the conpan/ has not been 
able to pay dividends as yet. The per cent, the profits are 
of the valuation has never been above 5 per cent, as can be 
seen by the table, page 45. 

MILPORD:- The population at 9750 remains practically 
constant, while the connected load has increased over 300 
per cent, by 1905. being 90 kilowatts in 1893. The capacity 
shows a normal increase, excepl for a sudden Jump in I90I, 
being at a maximum of 400 per cent, over the original in 
1893^ of 124 kilowatts. The sudden Junp in connected load a 
year before this probably influenced the man^gi^ment to in- 
crease the capacity of the plant considerably, bui the loss 
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of some business later probably eausel them to take it out. 
The operating expenses have remained nearly constant. The 
fact that this coirpany buys its steam, in all pigbability 
ke^s down the operating expenses to a low figju^e* The in- 
come of |I4000 remains constant until 1899. Since then it 
has shown a decided increase. The profits during this period 
also have a marked increase. This company has been declaring 
nothing less than 6 per cent, lividends. This Illustrates 
what a well managed company can do, taking advantage of the 
opportunity of getting chsap power to i*un its pl6tnt. Aa 
nhown on the curve sh^ei; on i^ag^^ 53 the cost of operation 
per kilowatt of connected load has decreased vyry decidedly 
starting in 1893 at |131 per kilowatt year, to |39 per kil- 
owatt year in 1900, where it has remained cwnstanl. 

PITTSFIELD:- PopvUation shows an increase of about 26 
per cent, while the connected load increases over two and a 
half times that of the original 496 kilowatts in 1893, de- 
noting as stated in the discussion of the Union Company, 
the great increase in the use of electricity. Of course the 
power users are becoming more general, especially in shops. 
The sudden dip of the load curve in 1901 is probably due to 
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some local condition^ such as a large consumer moving away 
or installing a plant of his own. The capacity curve shows 
a normal increase, keeping somewhat below that of the con* 
nected load. The income curve shows a steady rate of in- 
crease, but not as marked as that of the load. This would 
seem to indicate that the rates have been reduced to a con- 
siderable extent or that the use of cheap power has very 
greatly increased. While we have not plotted any curve show- 
ing the relation of power to lighting load, still we have 
noted from year to year that the per cent, has remained 
practically constant. This would lead to the conclusion that 
the former condition has prevailed. This is borne out by the 
run of rates from year to year as shown in the reports, but 
since the con^any has gradually changed from a flat rate to 
a meter rate basis of charging, it is next to impossible to 
obtain any comparative data of value. This may be said also 
of the sliding scale method of charging. The operating ex- 
pense curve, after the first two years, fluctuates consid- 
erably, but tends to remain about constant. The cost of op- 
eration per kilowatt of connected load shows a very slight 
decrease. The very unsteady profit curve bears this out. 
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showing that if the cost of operation per kilowatt of con- 
nected load had shown a normal decrease, the profit curve 
would have shown a more normal increase. It is a peculiarin- 
cident that in 1898 the company petitioned the board for 
permission to increase its capital stock, to enable it to 
add more capacity to the plant. The following two years the 
profits and capacity took a sudden slump. This, of course, 
is only natural with the profits, but it would seem as tho 
there would be some increase of capacity shown. It may be, 
however, that several old machines were taken out and a 
machine of better efficiency but less rated capacity was 
put in. In 1900, 7 per cent, dividends were declared and in 
1898^12 per cent, dividends. Since 1900 8 per cent, divi- 
dends have been the rule. The per cent, that the profits are 
of the valuation of the plant has varied from 5 to 9 per 
cent, during the period studied. 

WALTHAM:- This is a case of an electric and a gas com- 
pany under the same management. We have separated out the 
electrical installation from that of the gas in formulating 
our results. Starting with a population of 19,700 in 1893, 
there has been an increase of about 35 per cent, up to 1905. 
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A notable fact in this covcapany^a development is the low ca- 
pacity of the plant in comparison with its connected load. 
The curve sheets page 48^ shows this point very well. The 
operating expense curve follows pretty closely that of ca- 
pacity. Altho the profits show a decided decrease for the 
first few years after 1893, this is modified by the fact 
that the gas end of the plant has neutralized this factor 
so that the coirpany has been able to pay dividends contin- 
uously. Since 1900 the income and profits have taken a rapid 
advance and the electrical end of the plant is more than 
holding its own at present. 

SALEM:- In 1893, the population of Salem was 32,500 and 
has increased 17 per cent. \xp to 1905. The connected load 
increase is very rapid, but the profits and income have not 
shown a normal increase until within the last three or four 
years. The operating expenses have been kept down, as the 
curve shows. The fact that the capacity has Increased more 
rapidly in per cent, than the connected load might account 
for these seeming stagnant conditions of this plant. The 
cost of operation per kilowatt year of connected load has 
shown a steaiy decrease, being |I20 in 1893 and |40 in 1900. 
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Since then there has not been much change. It is a notable 
fact that the per cent, that the total profit is of the val- 
uation of the plant has been over 13 per cent, anl has been 
since 1893 as high as 6 per cent. This corqpan^ also has 
been paying dividends continuously. Good management has 
made this corrpany a paying proposition xn spit^ ef cei-tain 
p<^culiarities pointed out previously. 

BROCKTON, UNITED, CAMBRIDGE:- These three con5)anie8 show 
the same general characteristics. Each city has had a health- 
y growth of population and the connected load of each is 
having a marvelous increase. The capacity of each company 
falls somewhat below the connected load, and the operating 
expense below this. This is normal conditions of a well man- 
aged plant with business on the increase. Another element 
of similarity of these conpanies is shown by the profit and 
income curves. They follow each other closely and have the 
same general increase. As it would seem, the profits, income 
and connected load are gradually increasing at a faster rate 
which shows how thoroly these companies have worked their 
territories. Substantial dividends have been declared by 

these companies from the start. Probably the nearest ap- 
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P roach to a general rule or ideal conditions is shown by the 
curves of these three conpanies. 

Page ST gives a study of the gas and electric business 
in two towns taken at random. While not very complete on ac- 
co\int of the fact that there is no data given on the candle- 
power and the nijunber of gas lamps, still these curves show 
some points of interest. Curve 2 shows the per cent, of re- 
ceipts from public electric lights to receipts from public 
lairps of all kinds. It will be noticed that this percentage 
increases rapidly in each case to 100 per cent., thus show- 
ing how the electric light has siaperseded the gas light for 
public lighting. Curve 1 shows the price of gas in per cent, 
of the price in 1888. This is interesting in showing the 
inevitable fall in price. This is no doubt true also of e- 
lectric rates, but the reports do not give the necessary 
data to make such a curve. Curve 3 shows the per cent, of 
electric receipts to the total receipts for light, power, 
and heating, thus indicating that the gas is holding its own 
in spite of the fact that these towns are using electricity 
for street lighting. 
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CONCLUSIONS. 

Taking the set of curves as a ^hole, there are a few 
main points of similarity which may well be emphasized. In 
the first place, it is shown in every case that the connect- 
ed load in a particiilar locality is growing at a much great- 
er rate than the pop^llation; also that in all cases there 
has been no falling off in rate of load increase during the 
last year, thus indicating that in Massachusetts the central 
station business is still on the increase with no indication 
of its having reached the limit. 

The question of the relation of the capacity of a plant 
to its load output is a very interesting one to central sta- 
tion men and these curves present some data on the subject. 
In nearly all cases it is seen that a general load such as 
these curves represent can be carried with a much less capa- 
city of plant than the actual connected load. The relation 
of capacity to connected load varies from a minimum of a- 
bout 40 per cent, to a maximum of about 80 per cent, (except 
in the case of the Union Company, which had a minimum of a- 
bout 25 per cent.), the majority of them being slightly above 
60 per cent. 
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Another general characteristic is that in a majority of 
cases the curve of operating expenses follows that of capa- 
city rather than that of connected loal. This would indicate 
that it is better practice to get along with as little capa- 
city as can conveniently handle the load. This is a fact 
well known to engineers, but in central station work of this 
kind a certain reserve should be carried to allow for the 
rapid increase of load, such as has been shown to be the case, 
and to secure continuous service under all conditions. In 
the absence of data on the price of fuel and wages the 
curves would show that the standby charge is evidently a 
greater item than that of fuel. 

The decrease in rates is shown by the fact that in most 
instances the slope of the income curve is much less than 
that of the connected load curve. However, in the better 
managed conpanies the operating expenses have been cut down 
to such an extent that these coirpanies have been making sub- 
stantial profits in spite of the decrease in rates. The de- 
crease of operating expenses per kilowatt connected load is 
better shown in the special sets of curves on pages 53 and 

54, One point of resemblance of this set of curves is that 
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the cost of operation has evidently about reached a minimum 
as there has been very little decrease in any of them during 
the last few years. 

Finally, viewing the curves as a whole, one notes the 
more uniform curves in the case of the larger corrpanies. 
This is due, no doubt, to the better financing and manage- 
ment irtiich we will meet with in the larger companies. The 
smaller companies probably passed thru many changes in man- 
agement and equipment , so that there is a less uniformity 
in the results obtained. 

CRITICISM OF REPORTS, 

It will be seen that these reports have been lacking in 
data of real value in the study we have been making. In the 
first place, the most essential thing to know about a cen- 
tral station business is the kilowatt hour output. Without 
this data no accurate estimate can bo made on what rates 
should be. This will be appreciated, when we consider that 
if a company in a certain locality has a large number of 
factory lamps on its lines running all night. It is evident 
they would have a better business than a company having the 
same number of connected lamps but doing mainly residence 
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lighting^ altho in the tables it would appear as if each com- 
pany hal the same amount of business. The separation of the 
kilowatt hours of eonnected load into its component parts 
such as arc and incandescent ligliting and power, would give 
a better idea of the character of the corrtpany's business, 
its actual money value, and the nature of the demand made 
vapon its service, and the income derived from these sources, 
if itemized, would assist in determining the relative desir- 
ability of the different kinds of load. These items being 
known, a schedule of fair rates could be established, and it 
would then be evident whether or not the coirpanies were 
charging too high rates. Probably some of this info nnat ion 
is turned in to the Board but is withheld from the general 
public. This is due to the fact that^to one unacquainted 
with the whole subject of central station economics^ it might 
appear that some companies are exacting exhorbitant rates, 
while this might not be true. Thus great dissatisfaction 
would most likely arise, which would no doubt be a great 
hindrance to the Board in its work. 

Another item which would be of great value in this study 
is the price and quality of coal. The tons of coal are given 
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in each case but no description of the kind or price. It is 
a well known fact that the heating value of coal varies 
thru a wide range and thus it will be seen that the mere i- 
tem of the amount burned is of no practical value unless 
some idea is given of the quality. If the price were given, 
it would serve as an index as to how efficiently the plant 
was run. 

A factor of great importance in affecting operating , ex- 
penses is the matter of wages. This would tend to be of more 
importance the smaller the plant. Therefore it would be of 
great value in figuring standby charges if a schedule of 
wages to employees were given, also the number employed. 

More complete data should also be given in regard to the 
finemcing of the different companies. Under this head comes 
the question of capital stock, and in this regard it is of 
prime importance to know, not alone the authorized stock, but 
the stock actually paid in. 

As a general summary of the points brought out by this 
study we will mention the following! Wisconsin has had up 
to this time, quite primitive and ineffective regulation of 
its public service corporations, but with the legislation 
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recently enacted, a new field for economic investigation 
will no doubt be opened. Massachusetts has far outstripped 
most other states in regard to regulating its corporations, 
consequently its fund of information is most complete in 
this line, but is still far from perfect. Our method of in- 
vestigation has shown that it is necessary to reduce all the 
factors entering into a connpany^s development to a common 
basis, and that a graphical analysis presents the subject as 
a whole much better than tables alone. By selecting repre- 
sentative coirpanies, serving districts whose population var- 
ies from that of a small town to that of a large city, we 
have covered the average conditions met with In central sta- 
tion practice. We have thus deduced certain conclusions in 
regard to the coirparative relations existing between popula- 
tion served, capacity of plant, connected^load, and financi- 
al operations, which may add something of interest to the 
study of economic conditions in the rapidly developing field 
of central station work. 
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